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(54) . Double-cone device and pump 

- 

(57) . The performance of a double-cone device .(1) 
Is increased, not only by moving the gap priniel open- 
ings (22) a short distance into the exit cona (47), but 
also by rjieking the contcity G 3 (55) of the so-formed 
small diffuser less then the cbntcl'Sy 0 2 (109) of Ihe re- 
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. malnlng part (53) ofthe exit cone. Double cone units (7, 
60), partfcuiarly the ones wiih this improved diffuser, 
may be used in pump installations (1, 60), .tike well- 
pumps (1), where liquids must be pumped from great 
depths. 
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Uescnpuwu 

r0001l ThepresentlnVentionre^ 

atel toTpu WH^ng a * unit me surface is. 10 or mora 

m 0 02] T*e problem of pumping materiel from the r P eglon of 20 to 150 motors below the 

Ulori is of widespread interest. Many S pelroleum Industry ihe sHuatlon forsome 

surface and, as such, rec^eposl^e^ • 

oil and gas wells Is even more problematic in MW» » JJJJ" discussion. This new question concerns 
l0 o 03 j Apart from the deep-we pn *»* «■» » to possess very special properties and a 

ESS ^ «a a number of welling technics avai.abie on the mafket. Among .hose techniques, 
three appear to dominate. Tney are as follows: 



An electric pump lowered to the bottom of the welL 
A jet pump lowered to the bottom of ihe well 
Gas-llrl techniques. 
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a ^* nt >* Mr*! wells have 8 relatively small cross section, 
mm The lowering of en electric ^^^S^^SZ^ ™s lad severely M» 
especially if they are'deep, and as such the JJ^' J of vety spBcial costly materials. Further 

well can include mulil-phase acidic mixtures at NaJ te^J^ worlc agatnsl a Wgh backpressure. However, i! 
[0006] The let pump is a notoriously ineflictent ^ ■ 
doeshavetheadvahtageth^ 

has to deliver the fun pressure gas-Uft technique is often applied. THIS 

some extent the backpressure. troublesome and costly In practice. . 

Sr^nvS wiil be explained using exemplary embodiments with reference to Ihe drawing, 

Rg.1 Schema of a pump instailatlon using a OCT device; • 

Rg.2 Enlarged schematic longitudinal section of a double^one unit. . 

Fig 3 a cross-cut according to lll-tll in Fig. 1; 

Fig. 4 like fig. 2, with characteristic parameters; and 

Fig 5 a thirel pump Installation (Version C). 

CH 99/0403, which an herewith * * {iilMm technology) consfitutes aneffeclive means 

10012] Fr6mthBsadocumente,rtlsKnownthataou" oeviw-4 

a suction effect overriding the backpressure. ..._,.„ 1 easan «aitv comprisea a circulating pump 3, a system 

: mn W,th reference lb Fig. 1. a ^J^^^3X*r «« 9. The circulating purnp 
of double-walied tubing 4. an open double^one C DO) unl J ^ and an opt o ^ 1 g ^ rf ^ ^ ^ 

3 is placed at.the surface 11 in "f^^^^^n^a rigid, semi-rigid, or flexible. An example of 
tubing 4. which links the pump 3 to the ODC unit 7. l lie iuo.n B a ■ 
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the latter Is 3 fire hose within a to hose. The ODC unit 7, which Is placed at the bottom 17 of the well 19, draws the 
liquids 20 end/or gases to be pumped through the Inlet 22 Into the circulating stream 21* The resulting mixture passes 
directly Into the exhaust section 23 of 'the double-walled tubing and rises to the surface 11 as Indicated by upwardly 
directed arrows 25. This mixture enters the separator 9 et the surface where the carrier, liquid Is stripped out and 

5 returned to the circulating pump 9 (arrow 27). 

[0015] The ODC unit 7 does not contain any moving parts. Only the carrying liquid and the incoming well matenal 
. 20 are In a dynamic state* There are no valves In the ODC and tt may be started and stopped at will* The only special 
requirements are that a specific geometry must be respected and that the ODC Js made of a suitably resistant material 
for the environment In which it will be required to function* 

10 [OD163 The very special mechanical properties of the ODC unit Include a capacity to function very well against high 
' backpressures. In fact, me ODC geometry may be chosen so that It functions far more efficiently under situations of 
high backpressure then without the same* One may profit from this aspect as displayed fh the example cited below 
[0017] in.a well one kilometer deep, it can be expected that .the backpressure for a liquid medium will'be greater than 
100 bar* With the OCT ws.tf-pump, the circulating pump Is not required to produce this 100 bar, but something of the 

is order 'of 10 to 20 bar provided thai the output delivery Is maintained below a specie llmit-The missing pressure is 
supplied by the ODC unit, which has the capacity to convert high flow rates at low pressure to low flow rates at high 
pressure* 
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Specific Features of the DCT Weil-Pump 



(0018] The DCT Well-Pump is an unexpected and surprising development of the Known DCT high-pressure pump, 
Inter alia according to the initially quoted' patents and patent applications. Many of the characteristics of this high- 
pressure pump carry oyer to the well^pump. A number of the well-pump's attributes and potential applications are given 
In the lis! below. - * 

■ 

w 

OCT Wei j'Purnp Characteristics 

» ■ ■ 

' Technical characteristics: * ■ 

w [0019] 

1. Will pump gases, Hqulds and suspensions either .Individually or as a mixture* 

2. Uses a carrier liquid* • 

3. The carrier liquid may be optimised for any given application. 

35 4. The carrier liquid is driven by a circulaU ng pump whose delivery pressure can be much less then that represented 
by the depth of the well in terms of static pressure. • 

5. The pump is not damaged if any of the following situations occurs: 

• * 

The outlet is closed* 
40 The Inlet is dosed. . 

. . Both outlet and Net are closed. . 

6. The down-iha-wetl ODC can function with either a negative or positive gauge pressure applied at lis Intel 22. 

7. The pump Is pulse free. 

46 6* The pump can work against high pressures. 

9< The pump maybe used for both continuous and batch wise production. 

DCT We,!-Pump layout and installation characteristics: 

So [0020] 

10. The ODC unit 7 can be placed at a great distance from the circulating pump 3. 

11 . The circulating pump 3 can be placed tn a safe location near a power supply, whilst the ODC unit 7 is located 

at the desired suction point. ■* 1 

55 12. The overall pump efficiency is an Increasing Junction of the environmental and system pressure In the vicinity 

oflheODCunK7. . 

13. Oh plunging the ODC unit to a depth well below the surface, Fig. 1, the OCT pump displays e much higher 
hydraulic efficiency than that obtained with the ODC unit at the surface* 
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14. A vv.de range of. multi-phase mixtures may be bandied, Mutfng any m* of the lowing component: 



Small solid particles; 
Low viscosity sludges; 
Liquids; 
Gases. 



15. The entire pump may be set up so W can be sterilised. 

F 

DGT Wen-Pump; Advantages in muM-phase pumping: 
[0021] 

DCT WELL-PUMP: Operating Principle - 

+ 

First Immersed version A . . - 

[00261 Any gas drawn Into the ODC 7 will Da connprassou ss n a ralbr 9, the g as and eny other foreign 

at the separator. 



» 

.Specific details 



1 ■ , . . . 

^ , r . f * ft nnr k-ihat Us oressure-drcp requirement, at high flow rates, decreases 
[0027] One of the powerful ft ^^^^S^SL U* tise.f a function of me carder flow rale 
with system pressure up to a specified limit. The J™ » ^ • respected. In particular, the 

and can be increased to very high values pre ivlded tfc ?5JESS ^metric choice, we find that 
choice of the email exit dtifuser attached to. ^^J^^^^S^^Im. 
lass energy input Is required when ^.g^£tK?inCT «*W ,n * B p * leni 3p - 
poq The central orffica region * ° 

plication PGT/CH 99/00403. a new variation > °™ s W «J ™™™ „,„ , ne deslgn 0 hhe DCT wail-pump. 

L useable life of the double-«me under ihnc^ "?™ X "c *pta£«l In Figs. 2 and 4. . 

Sketches of a longitudinal section through tha.onf.ca region of the ODC urul are otspiaye 

Preferred values characterising the doubie-cone unit with dlffuser 
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* &t iviia miifi nf L/d is Increased, the overall pressure-drop across the modified double-cone 

and overall performance As the ratio of Ud is lnc ^^» ™ " H h { - b BCb]eved for Q glven feeC j flow rata 

cone device ere (S denotes: smaller of equal 10): 

Ratio h/d of gap width h 126 to orifice diameter d 124= 0 < h/d < 8, preferably 0.5 < h/d < 4; 
,o ratio DUd of entry diameter D ln 27 to orifice diameter ft 2 < iyd, preferably 5 < EWd < 20; 
raUo D ogt /d or entry diameter D*, to orittce diameter d: 2 < DJd. preferably S « D^d < 20; 
conlclty e, 108 of entry cone: 0 < 8, < 10- (degree), preferably 8, < B', more preferably M 6- 

ts 

conlciiy e 2 1 09 of exit cone: e 2 £ 6 t , 
following results: 

r 

Working conditions: 
25 [0033] v. f 



30 



Feed flow rate 


8m 3 ih 


Inlet flow rate 


1 m 3 lh 


System pressure P 


35 bar 



Observation: 



[0D34] 



35 without dKbsen Serious damage after only 20 minutes running lime 
withdHrusan No damage apparent after 40 hours running time 

hour) from a simulated well of depth ,400 m. The 'JJJ™ we „ „ d on tha well depth, the mulli- 

lend Itself easily to the use of flexible tubing. . 
55 Immersed version B 

J0040] The configuration of the Immersed version B Is Identical to version A, except mat Ore pump connections are 
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5J5 ™fSZ Is necessary If .he MMM «• *** 4 Is unable to support an open cross- 

SSosSSS S" via the cuter lumen 15. The inner tube « would close under the pressure and 
tSSP open sufficiently to allow the darner end Us contents to refcm, to ha Mtog pump S. 
I0M21 A substantial length of the double-welled tube 4 can be made of flexible meterial with the ngid ODC 7 ettacneo 
Tone JZSSSXXL be rolled onto a drum to facilitate manipulation. Whenever regions pern*, the 

end externa! pressures si the bottom of the wall. 

Start-up: Immersed version B 

Tha rtf fl net wetl-oump following the towering of the ODC down a wall on its double-wailed flexible 

order of seconds and In deep walls a few minutes. 

i 

. Shirt-down: Immersed version B 
mn4W ~ ehl ri , nwn rtf 1h „ ncT well-numo only requires the switching off of the circulating pump 3- The" carrier 

the supply and return tubing In the region of the separator 9, 

■ 

Unblocking the ODC Unit ^ , . 

diracbon Jf*^ decreased the feed can ba relumed to Its normal 

■ displayed In Fig. 

OCT Well-Rump: Immersed version C 

immersed version C: Flotation aid 
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water out of It. On running the well pump, air win gradually descend the small-bore pipe and fill the progressiva!/ 
evacuated sunken object. After awhile, the enhanced displacement volume will cause the sunken objecl to rtse.m a 
controlled manner towards the surface. 

s virtual Shut-down, All Versions 

- [005Z] A virtual shut-down with mining or no leaking of the circulation fluid is obtained by simply reducing the cir- 
culating pump's power and/or closing the output valves 36. Of course, If only the output valves 36are closed, a con- 
slrierabte overpressure builds up within the circuit until an equilibrium may be reached. 



TO 
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General Appearance and Typical Dimensions of the ODC 

100531 The ODC, when viewed from the outside, has the appearance of e cylinder with holes arranged around the 
circumference some halfway along the cylinder's axis. At one end there Is an attachment for the tubing 1 4 and I at the 
Kinder Is blanked off. Typical dimensions for a sme^-boro well ODD are 150 cm long wt.h an external 

TSS tSKS 2*1 of the tower end of 1he double unit 7 is just a plane disc. It has been found M 
a shape supporting the reaction of the circulating stream merely deteriorates the performance. However, (his finding 
does not strictly exclude other means for closing Ihe ODC unit 

Projected Performance of a small DCT Well-P ump 

100551 On considering a well 400 meters deep that is accessed by means of a 140 mm diameter. bore-hole. It Is 
eLlblVtoTse an ODC of external diameter 100 mm and some 150 cm long. Within such an ODC externa! casing 
a Ser of distinct Interna, geometries may be envisaged. In Table 1 below the theorefica. performances for three 
geometries differing In Ud values are summarised. 



so 
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Comparative parformances for 3 ODC units with dirrerent LM values that fii Into the same cylfndrta 
dimensions: 150 cm long with a diameter of 100 mm). 


al casing (externa) 




ODC geometry j 


Uquid delivered to surface frem well 
400 m deep 


Carrier How rate 


Required pump 

delivery 

pressure 


DCT Well-Pump * 

hydraulic 

eiltciency 


■ 

35 


-Type 


L/sec 


Barrels/ day 


Usee 


bar 


% 




1 


1,05 


571 


' 15.6 


11.2 


m 2A2' 




1 


1,54 


838 


17.2 


" 12.2' 


20,4 


40 


1 


2,13 


1157 


20.2 


13.8 


30.6 


r 


1.05 


571 


16.5 


8.4 


30.4 




2 


1.5B 


847 


18.6 


9,3 


35.9 




■ 

2 


2.01 


1092 


21.3 ' 


10.4 

a 


36.2 


AS 

■ 


3 


1.14 


B19 


17.5 


B.5 


30.6 


• 


3 . 


1.56 


847 


18.4 


9.0 


37A 




3 


2.03 


1104 


2p.1 


as 


41.3 



I00S61 Tnese theoretica! results do not represent the best cases. They are only Included so as to sftuate Resale 
of perfomLcs of a typical, small bore. DCT Well-Pump. The hydraulic .efficiency can be mcreased well bey° nd the 
best value oresented ln Table 1. However, other criteria often overshadow elltaency when difficult conditions come 
m STtS, energy requlement to drive the clroulatsng pump for the least efficient situation cited above , a. equivalent 
o Shan 1 barrToToll per day. In fact, the efficiencies shown are welt above those of even the best et pumps 
S TSISS the des'rlpuon set out above, one sklt.ed >n the art la enabled to perceive : orients that He within 
the scope of the protection conferred by the claims. For example, one may think of Ihe following. 
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M of the proved double-cone device, a simple double cone device .ay be usee. I.e. ene « the Input 
£2 SSS"S«^ of the Hold, e,. by «, or. In the exfreme 

device, but may cut the plane 31 with a smaller or a larger diameter. 



, Ooub^nedav^fo^^ 

consisting of an entry unli (29) and an exit '^•^^SSmSa of small diameter creaUng an orifice 
unit (29) and U«, exit unit (47) being conn* ctedby he r rcspeob J*JJJ |f) „ dls(enM ,is firet 

(45). characterised '"JW-l-^gj; Jjjjg SE^fi . diffuser secUon (49) of Increasing 

£e diffuser section provides a tonicity le.ss.1Han thai of tha eat cone. 

^ ,„ rtntm 1 characterised In that the coniclty of the exit cone Is greater than C 

,, l ^«in^^'"'-r , " ,l,M " !, ***"" ,? ''" 

' greater 1han 0° and preferabEy In ma range from l p to 5 . 
doubte-cone device: . 

by lha discharge rn&ans(36). 

6 . A pump a. a ngement (1,60) according to cialm^ 
(7) essenBaity consists of an ent^ 

endtha entry unit(29) and theexdun.t (47) "J^^J^'S , s prov1d ed In the outlet unit in a distance 
an orifice (45), charactered m ^JJ^^^^S^ unit a section (49) of Increasing cross- 

7. Apu.parranoemantd.60) according tD ,alm 6 v,thadou D ,e^nedevice(7)accorcnn g tocneorc,a« m s1 lo4. 

8. Use of the pump ardent (1. 60) according «^ 
■ liquid and the displacements the sunk object Is enhanced; 
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1, Claims: 1-4 - 

Double-cone device with a dlffuser section shaped to 
decrease noise and/or wear of. the double-cone device, 



?. Claims: 5-7 



A puiDp arrangement, 



3, Claim : 8 



Use of the pump arrangesnent for lifting objects sunk 1n a 

liquid. - . 
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